Hundreds of general surgeons from the army, navy, and air force have been deployed during the past 10 years to support combat forces, but little data exist on their preparedness to handle the challenging injuries that they are currently encountering. Our objective was to assess operative and operational experience in theater with the goal of improving combat readiness among surgeons.
U
S military forces have been involved in continuous combat operations since 2001, the longest conflict in American history. During the past 10 years, surgeons have performed thousands of cases on US service members, allied nation service members, civilian contractors, enemy combatants, and local nationals. Numerous medical and scientific advances have occurred, such as advancement in tourniquet use, hemostatic dressings, renal replacement therapy, and endovascular techniques in austere environments. Improvement in resuscitation strategies, evacuation models, and the evolution of damage control techniques has also occurred. 1Y12 Although data exist on various topics detailing the experience of military medical providers in the theater of operations during the past decade, very little exists on the topic of predeployment training of military surgeons and the efficacy of current models. In a previous study, we compared surgical caseload for a 12-month period at the 31st Combat Support Hospital during the invasion of Iraq to those of graduating chief residents from a military surgical training program and made recommendations for additional training to better prepare them to perform war surgery. 13 Other descriptive studies detail small-unit experience in the deployed setting, 14Y17 and some make recommendations for predeployment training for military providers using nonobjective means. 18 No data, however, exist on subjective or objective measures of the efficacy of current predeployment surgical training platforms. In addition, several studies have shown that injury patterns and mechanisms differ in the current conflict compared with previous conflicts, with increased use of improvised explosive devices and unconventional warfare techniques, with notable increased rates of extremity vascular injury. 19Y20 In his landmark article ''How to Train War Surgery Specialists, Part II,'' French general and surgeon Daniel P. Rignault noted that to prepare capable military surgeons, predeployment training must involve an analysis of wounds and patterns seen in current operations and must be revised to mirror the injuries seen. 
Predeployment
The first section of the survey detailed predeployment training to include both surgical and military. Of survey participants, 94 (68.6%) graduated from military residency, whereas 43 (31.4%) graduated from civilian programs. Sixty-six (48.2%) of the respondents felt that residency training prepared them very well for deployment, and an additional 48 respondents (35%) felt well prepared. Only six respondents felt that residency prepared them either poorly (five respondents, 3.6%) or very poorly (one respondent, 0.7%). Five of the six who responded either poorly or very poorly trained in military training programs. Less than half of respondents attended a predeployment surgical training course before their first deployment (60 respondents, 43.8%). Courses attended included several different courses and are broken down in Table 3 . The most commonly attended course was the Emergency War Surgery course, with 34 respondents attending (24.8% of the total respondents). Of those who attended courses, 44 (73.3%) rated the experience as either very beneficial or beneficial, with 10 respondents neutral about the experience, and only 8 respondents noting that it was not beneficial. Of the respondents, more than 70% had read the Emergency War Surgery text and 80.2% (77 respondents) found it either beneficial or very beneficial. Approximately 90% of respondents were aware of the Joint Theater Trauma System (JTTS) clinical practice guidelines (n = 120, 87.6%). When asked whether they would have liked additional training on specific injuries or injury patterns before their first deployment, approximately 80% (n = 108) of surgeons responded affirmatively. The most commonly requested additional training was in extremity vascular repairs (n = 63, 46%), followed by neurosurgery (n = 41, 29.9%), orthopedics (n = 39, 28.5%), and abdominal vascular repairs (n = 38, 27.7%). The complete breakdown is listed in Table 4 .
Regarding predeployment military training, 84 surgeons (61.3%) found their home station military training to be unhelpful. An additional 37 surgeons (27%) found this training only somewhat helpful. This was also true of the 55 surgeons who have been deployed via the CONUS Replacement Center, with most surgeons finding the training either somewhat helpful (n = 23) or unhelpful (n = 29).
Deployment
Because of the high tempo of operations since 2001, numerous individuals have been deployed more than once. In 
Postdeployment
The personal and professional burden of deployment was evident in the survey responses. Approximately 10% (n = 13) underwent a divorce they attributed to the stress of deployment on their marriage, and approximately 40% (n = 53) are considering leaving the military due to deployment-related stressors. When asked about several psychosocial symptoms to include recurring nightmares, mood swings, insomnia, feeling irritable for no reason, recurring images of traumatic patients or experiences, or problems concentrating, 38 surgeons (27%) responded with two or more symptoms, 7 surgeons (3.6%) with four symptoms, and 8 surgeons (5.8%) with five or more of the previously mentioned symptoms. Two surgeons (1.5%) have been clinically diagnosed with posttraumatic stress disorder or another mental illness since returning from deployment. Despite the great personal stress placed on them by deployment, most surgeons (115, 83.9%) felt that deployment was a rewarding experience.
Following the multiple-choice portion of the survey was a free-text section in which respondents were given an opportunity to answer several questions detailing their experience and to make suggestions for the future. Questions asked about surgeon perceptions on improving care in the deployed setting, how to improve combat surgery training, and opinions on increasing surgeon retention. One hundred twenty-one surgeons (88.3%) provided answers in the free-text section. As topics were frequently related and overlapping, results were analyzed by grouping responses into commonly mentioned categories. The most commonly mentioned topics, in order, were as follows: minimize unnecessary training (49 surgeons, 40.5%), improve surgeon utilization in the deployed setting (44 surgeons, 36.4%), shorten deployment time (44 surgeons, 36.4%), improve or increase surgeon compensation (43 surgeons, 35.5%), change CONUS nondeployed practice to be more well-rounded and robust (39 surgeons, 32.2%), improve or standardize predeployment surgical training (36 surgeons, 29.8%), and encourage increased surgeons in command of deployed surgical units and hospitals (27 surgeons, 22.3%).
DISCUSSION
This study represents the first large-scale survey of deployed surgeons after a decade of war. Findings from this survey confirm that surgical case experience during deployments is extensive, requiring a broad range of operative skills. Of injury patterns managed during deployment, vascular trauma was identified as the most challenging and the area in which surgeons would have liked more experience before deployment. Surgeons additionally requested more experience with rare injuries not often seen in training as well as with some injuries that fall outside the traditional general surgical curriculum but will fall under the responsibility of the deployed general surgeon.
Hemorrhage control has been shown by several authors to be the single most important mechanism for mortality prevention in combat-wounded patients in the current conflict. 19, 22 In addition, White et al 20 recently published data documenting a vascular injury rate of 12%, approximately five times higher than rates in previous conflicts such as Vietnam. They attributed this finding to a higher percentage of wounding by explosive mechanisms, better armor protection of the torso compared with previous conflicts, and more accurate data collection with the advent of the JTTS or JTTR. This change in injury pattern comes at a time when modern general surgical trainee experience with open vascular procedures is on the decline for several reasons, as detailed in a recent letter by Rasmussen et al 23 in the Journal of Trauma. Our data echo the reports from these authors, showing high rates of vascular injury and more than 70% of surgeons performing shunts, primary repairs, and other procedures related to vascular injury such as amputation and fasciotomy. Of the types of additional training requested by surgeons before their first deployment, approximately half of the respondents felt that additional training in extremity vascular trauma would have been helpful, and more than a quarter of respondents also felt that additional abdominal vascular trauma training was also important. Of cases performed downrange, five of the top six most requested injuries for which respondents requested additional training were related to vascular injury (Table 5) . Similarly, the cases that respondents reported as the most difficult in the deployed environment were both extremity and abdominal vascular injury, with most respondents noting that their skills in treating such injuries had lapsed because they are not exposed to vascular trauma in their clinical practice or because there have been a significant time lapse since their training in these injuries. This view was also reflected in the free-text question responses: 39 surgeons felt that a more robust, busy clinical practice in the nondeployed setting with more opportunity to moonlight and take trauma call would not only maintain critical trauma-readiness skills but also improve surgeon morale and compensation and improve surgeon retention.
These data also echo the previous article from this study group comparing cases performed in the deployed setting at the 31st Combat Support Hospital to 5 years of graduating residents from a military residency program. We concluded that deploying surgeons need additional experience with injuries rarely seen in clinical practice due to low incidence such as traumatic inferior vena cava and duodenal injuries as well as injuries that fall outside the scope of traditional general surgical curriculum but will be the responsibility of the deployed general surgeon such as damage control neurosurgery and orthopedic techniques. 13 Approximately 30% of respondents requested additional training in neurosurgery and orthopedics.
A great deal of data have been generated about the medical aspects of the combat operations of the past decade. Despite this, very little data have been generated assessing the efficacy of current predeployment surgical training. There is little standardization between services on course attendance and often little standardization between different iterations of the same course In addition, many predeployment courses are taught to physicians as a group rather than being specific to deploying general surgeons. Less than half of surgeons attended predeployment surgical courses, although of those who did, approximately three quarters found them to be beneficial. Course attendance was extremely variable, with six different courses attended, each with a variable curriculum. Until recently, no prospective data have been generated on course attendees documenting course efficacy, and until our current data set, no data have been generated documenting course utility after attendees have completed their first deployment. This study represents a retrospective attempt to generate such data in an attempt to both improve and standardize predeployment surgical training. Future course curriculum should be surgeon specific, designed in an evidence-based fashion, and standardized among deploying surgeons. In addition, with frequent deployments, a great deal of time is spent away from duty stations and family. Superfluous and unnecessary training should be kept to a minimum. This is reflected in our data showing that approximately 90% of surgeons found their home station or CONUS Replacement Center training to be either unhelpful or only somewhat helpful and in comments in the freetext section from 49 surgeons that eliminating unnecessary training during the predeployment period would be beneficial.
A potential solution to enhancing war surgical skills is to provide additional training using the Advanced Trauma Operative Management and the Advanced Surgical Skills for Exposure in Trauma courses, both currently offered through the American College of Surgeons Committee on Trauma. These courses offer problem-based modules and hands-on surgical skills training using animal models and cadaveric exposures. Our study group recently completed the validation of such a course with military chief residents and surgeons preparing for deployment. We conducted a 2-day course combining Advanced Trauma Operative Management, Advanced Surgical Skills for Exposure in Trauma, and military-specific curriculum such as damage control neurosurgery and orthopedics and an overview of the JTTS clinical practice guidelines. We anticipate the publication of our results soon. In addition, the Acute Care Surgery Fellowship, designed by the American Association for the Surgery of Trauma, allows the fellow an opportunity to concentrate his or her training in areas identified and needed in war surgery. This is an ideal situation because 56% of the respondents who attended a fellowship between their first and second deployments did so in trauma or critical care. This study is not without limitations. Regulatory requirements limited the survey to surgeons who were still on active duty. This requirement excluded surgeons who have been deployed and had since retired or separated from active duty. In addition, the survey populations were identified by general surgery consultants from each respective service via e-mail lists. The 100% response rate from navy participants likely shows that we did not capture all eligible respondents in the initial distribution, as the population of navy surgeons is likely greater than 33. Numbers generated by respondents on the survey device are an approximation of cases and case breakdowns as best remembered by respondents. Given that the survey was administered in 2011 and that some individuals' first deployments were possibly up to 8 years or less, the stated numbers and data represent respondent recollection of their experiences and somewhat limit the accuracy. Similarly, this study represents a retrospective analysis of deployed surgeon experience. Future studies should be completed both to revise and to standardize predeployment surgical training curriculum, with prospective preintervention and postintervention data collected and ultimately with long-term followup with participants after their first deployment. Our study group has completed such curriculum generation, and data are currently being collected prospectively. Despite the previously mentioned limitations, this study provides insight into the deployed experience of military surgeons during the last decade of combat operations and, as such, can serve as a basis from which to improve military surgical predeployment training and surgical readiness.
CONCLUSION
Deployed military surgeons are generally well prepared to treat a broad range of injuries. The evidence-based revision and standardization of current predeployment surgical training should be pursued, with the generation of prospective efficacy metrics. With documented increased rates of vascular injury in the current conflict, combined with the diminished role of open vascular repairs in the current training paradigm, particular attention should be given to providing additional vascular surgery training to current predeployment surgical training models. Consideration should also be given to additional training in the treatment of injuries that fall outside traditional general surgery curriculum such as neurosurgery and orthopedics. 
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